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Description 

Field of the Invention 

[0001] The present invention relates lo a process for producing unsaturated tatty acid-containing oils with a low 
24^5-methyl9nechol9Sl-5-en-3^ol content using microorganisms belonging to trie genus Mortier&tia> subgenus Mor- 
tierelia. 

Related Art 

[0002] Microorganisms belonging to the genus Mortlerella, subgenus Morter&Ua&re known as microorganisms which 
produce unsaturated fatty acids such as arachidonlc acid, dihorno-Y-iinolenic acid and eicosapentaenoic acid, and 
processes have been developed for efficient production of arachidonic acid, dlhomo-^linolenic add and eicosapen- 
taenoic acid by fermentation using these microorganisms (Japanese Unexamined Patent Publications No 63-44891 
No. 83-12290, No. 63-14696, No. 5-91 8B7, No. 63-14697). In addition there Is also known a process for producing 
Mead acid using mutant strains having reduced or defective In Al 2 desaturatlng activity, which are obtained by mutating 
microorganisms belonging to the genus MortiamHa, subgenus MortiereJJa (Japanese Unexamined Patent Publication 
No. 5-91888). 

[0003] Unsaturated fatly acids such as dihomo-r linolenic acid, arachidonic acid, eicosapentaenolc acid and Mead 
acid are precursors of prostaglandins, thromboxanes, prostacyclins, and leucotrienes which have powerful and versa- 
tile physiological activity, and much attention is therefore being directed to foods and animal feeds to which these are 
added. 

[0004] For example, arachidonic add la said to be a precursor of prostaglandins, thromboxanes, prostacyclins and 
leucotrienes which exhibit physiological activity Including uterine muscle contracting and relaxing effects, vasodilator 
and antihypertensive effects; etc., and recently research has been rapidly progressing on docosahexaenoic acid (here- 
under also abbreviated to "DHA") as an essential component particularly for infant development 
[0005] Specif icaliy, lanting et al. [LANCET, Vol.344, 1 31 9-1 322(1 994)) have examined infants raised on breast milk 
and infants raised on infant powdered milk for 3 weeks or more after birth, with follow-up lo 9 years of age, studying 
the incidence of minor damage to cranial nerves from a behavioral perspective, and have reported that the incidence 
of brain damage in children raised on infant powdered milk is twice that of children raised on breast milk. This shocking 
result suggests that higher unsaturated fatty adds such as DHA and arachidonic acid which are present in breast milk 
but virtually absent in infant powdered milk play a role In the development of the brain. Subsequent reports have also 
shown results suggesting that higher unsaturated fatty acids are connected with IhedevelopmeM of the brain and retina. 
[0006] Nevertheless, while unsaturated fatty add-contalntng oils are considered to be highly safe, the Issue of their 
microbial sources has prevented them fromwide use throughout the world; meanwhile, in UPIDS, Vol.27, No.B, 481-4B3 
(1 992), MortlereBaalpina 1S-4 was reported to produce 24,25-me%lenecriotest-5-en-30-ol which to that time was not 
known to occur naturally. Thus, it has been desired to develop unsaturated fatty acid-containing oils obtained from 
microorganisms belonging to the genus MortfereBa subgenus Mortiereita which can be more safely utilized for foods 
and animal feeds. 

[0007] Shlnmen et al In Applied Microbiology and Biotechnology, 1980, volume 31 , No.1 , pages 11-1 6 descrfces the 
assay of various Moriier&ita fungi for their productivity of arachidonic acid. The document includes reference lo the 
culturmg of various strains of Mortferelte including strains Irom the subgenus MoiHereBa. The growth media which were 
used were described in earlier papers, one of them being a growth medium YM disclosed by Yamada et al Agric. Biol. 
Chem.51 :7B5-790 (1987) comprising glucose polypeptone, yeast extract and matt extract, the other being a medium 
GY disclosed by Shlmtzu et al J.Anv Oil Chem. Soc. 65: 1455*1459 (1987) comprising glucose and yeast extract. 
Neither of those two earlier documents referred to culruring in a fermenlor with aeration. 

[0008] WO 92/1 3088 discloses processes lor the production of arach Idonic acid containing oils. The preferred micro- . 
organism for cultivation is stated to be pythlum insidiosum but Example 2 in the document mentions a culture of Mor- 
tierelta alpina in a shake flask containing potato dextrose medium. 

Disclosure of the Invention 

[0009] It Is therefore an object of the present invention to provide a microorganfc oil which can be safely used in 
foods and animal feeds and which can economically and stably provide unsaturated fatty acids. 
[0010| In order to solve the problem described above, the present inventors have searched for a process for efficient 
production Df unsaturated fatty acid oils with a low content of 24,25-methyJenecholasi-5-en-3^ol the use of which bs 
a food is still unknown, and have studied in detail the relationship between the various medium components and sterol 
compositions; as a result they have found that It is possble to obtain oils with a low compositional ratio of 24,25-meth* 
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ylenecholest-5-en-3p-ol by using a nitrogen source derived from soybean for culturlng of microorenisms belonging to 
the genus Mortlerefta subgenus Mortterefla. 

[0011 J The present invention provides a process of production of unsaturated fatty acid-containing oil in which the 
composition ratio of 24 l 25*nethylenecholest-5-en-3f*-ol Is not more than 35%, comprising cutturing a microorganism 
belonging to the genus MortieroQa subgenus Morlier&tfa in a medium containing a nitrogen source derivedfrom defatted 
soybean or physically or chemically processed defatted soybean, In a ferrnentor with aeration, and collecting said 
unsaturated tatty acid-containing oil from the cultured product. 

[0012] In another aspect the Invention provides an unsaturated fatty acld-contalnlng o9 having a 24,25-methyJene- 
choles1-5-en-3|J-ol composition ratio o1 not more than 35% and obtainable by a process bb above, containing from 20 
to 54% arachidonb add. The invention also provides an arachldonic acid- containing oil characterised by a 24,25-meth- 
ylenecholest-5-en-3p-ol composition ratio of 35% or tower and an arachldonic acid content of from 20 to 54%, and 
obtainable by cutturing a microorganism belonging to the genus Mortierella subgenus Mortierella in a ferrnentor with 
aeration. 

[001 3J "Hie invention also relates to nutritive dietary supplement, immature Infant lormula, Infant formula, baby food, 
pregnancy food products and animal feed containing oil as above and to processes for making such food stuffs by 
incorporating an oil as above. 

Embodiment for Carrying Out the Invention 

[0014} According to the invention, unsaturated fatty acids are latty acids with at least 1 6 carbon atoms and at least 
one double bond, among which higher unsaturated fatty acids are generally fatty acids with at least 18 carbon atoms 
and at least two double bonds, and as examples there may be mentioned rlinolenic acid, dlhomo-'f-lin olenk: acid, 
arachldonic acid, elcosapentaenoic acid and Mead acid. 

[0015] As examples of microorganisms belonging to the genus Mortlerella subgenus Mortierella according to the 
invention there may be mentioned MortieraHa elongata, Mortierella exlgua. Mortierella hygrophUa, Mortierella aipina. 
etc., and specifically there may be mentioned Mortierella elongata IFO8570, Mortierella exigua IFOB571, MortfereUa 
hygrophfa JF05941, MortierellB alpine IFOe56B. ATCC16266, ATCC32221 , ATCC42430, CBS2 19.35, CBS224.37, 
CBS250.63, CBS343.68, CBS627.72, CBS529.72, CBS608.70, CBS754.68 and other ceil lines. 
[001 6] These strains are all obtainable without restrictions from the Institute of Fermentation, Osaka (IFO), American 
Type Culture Collection (ATCC) and Centraalbureau voor Schlmmelcultures (CBS). Mortteretfa elongata SAM0219 
(FERM P-B703) (FERM-BP 1239) which was isolated from soli by the research group for the present Invention, may 
also be used. These type culture cell tines or naturally occurring isolated cell lines may be used directly, but by growth 
anchor Isolation at least once It Is possible to obtain a natural mutant with different properties than the original cell line. 
[0017] The microorganisms used according to the Invention Include mutant strains or recombinant strains of micro- 
organisms belonging to the genus MorSerella subgenus MorHereffa (wild strains), I.e. those designed either to give a 
higher unsaturated fatty acid content in the oil, a higher total oil content, or both, compared to the amount produced 
by the original wild strain, when cuftured using the same substrate. 

[001 8} Also included are microorganisms designed to produce the same amount of unsaturated fatty acid as the wild 
strain through the efficient use of a substrate With an excellent cost effect. As examples there may be mentioned 
MortiereUa aipina SAM1861 (FERM BP-3590) as a mutant strain defective In A12 desaturating activity and Mortierella 
aipina SAM1860 (FERM BP -3589) as a mutant strain delecthra in Afi desaturating activity. 

[0019] The above-monlioned microorganisms belonging to the genUB Mortierella subgenus MortiereUa in the form 
of spores, hypha or a preculture obtained by previous cutturing are Inoculated into a liquid medium or solid medium 
and cultured. The carbon source used may be glucose, fructose, xylose, saccharose, maltose, soluble starch, molas- 
ses, glycerol, mannltol, citric acid, com starch or any other conventional one, but glucose, maltose, fructose, com 
starch, glycerol and citric add are particularly preferred. 

[0020] According to the Invention, by using a nutrient source obtained from soybean as the nitrogen source it is 
possible to lower the compositional ratio of 24,25 -methyl enecholest-S-en-3p-ol in the oil. 

[0021] The soybean-derived nitrogen source used for the invention Is one with a nitrogen content of at least 2 wt%, 
preferably at least 3 wt% and more preferably at least 5% with respect to the total components except for water. The 
soybean-derived nitrogen source may be one or a combination of different types of defatted soybean or soybean 
subjected to heat treatment; acid treatment; alkali treatment; enzyme treatment; chemical modification; denaturation 
and/or renaturatlon by chemical and/or physical processing Including heat treatment, acid treatment, alkali treatment, 
enzyme treatment, chemical modification, etc.; removal of a portion of the components with water and/or organic sol- 
vents; removal of a portion of the components by filtration and/orcentrtfugation; freezing; crushing; drying; sifting; etc.. 
or a product of processing in the came manner as non-defatted soybean; as common candidates there may be men- 
tioned soybean, defatted soybean, soybean Hakes, edible soybean protein, okara, soy milk and roasted soybean flour 
(khako), among which ere particularly preferred heat-denatured defatted soybean, and especially heat- denatured de- 
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fatted soybean from which the elhanol-soluble components have been further removed. 

E0O22] When necessary one or more different additional nitrogen source* may also be added so long as the eterol 
composition is not notably affected, and examples include organic nilrogen sources such as peptone, yeast extract, 
malt extract meat extract, casaminic acid, com steep liquor and urea, and Inorganic nitrogen sources such as sodium 
nitrate, ammonium nitrate and ammonium sulfate. 

[0023] Also, when necessary trace nutrient sources may be used, Including Inorganic saris such as potassium phos- 
phate, potassium dihydrogen phosphate and other phosphate salts, ammonium sulfate, sodium sulfate magnesium 
sulfate, iron sulfate, copper sulfate, magnesium chloride, caiclum chloride, etc., and vitamins. 
[0024J According to the invention, accumulation of the unsaturated fatty acid of Interest may be accelerated by ac- 
complishing the culiuring with addition of a substrate for the unsaturated fatty acid in the medium. The unsaturated 
tatty acid subslrate used may be, for example, a hydrocarbon such as hexadecane or octadecane; a fatty acid such 
as oleic acid or linolic acid or a salt, for example a sodium or potassium salt thereof, or a fatty acid ester such as an 
ethyl ester, glycerol fatty acid ester or sorbitan fatty acid ester; or an oil such as olive oil, soybean oil, rapeseed oil, 
cottonseed oil or coconut oil, and these may be used alone or In combinations. The total amount of thB substrate added 
is 0.001 to 10 wt%, and preferably 0.5 to 10 wt%, with respect to the medium. Any of these substrates may also be 
used es the sole carbon source for culturing. 

[0025] The above-mentioned carbon sources, nitrogen sources, inorganic salts, vitamins and/or additives may be 
added to the medium prior to the start of curtuiing or to the culture broth during the cultivation. The medium components 
can be added all at once, or continuously or periodically through a few additions. The medium components may each 
be added alone or as a mixture. There are no particular restrictions on the concentrations of the medium components 
so long as growth of the cells la not Inhibited, in practical usage, the carbon source should be at a concentration of 0.1 
to 30 wt%, preferably 1 to 1 5 wt%, and the nitrogen source should be at a concentration of 0.01 to 1 0 wt%. and preferably 

o.i to 5 wr%. K r 

[0026] The eutturtng temperature is 5 to 40»C, and preferably 20 to 30*C, and the unsaturated fatty acid may also 
be produced by growth of the cells by culturing at 20 to 30°C followed by continued culiuring at 5 to 20*C. This manner 
of temperature control may also be employed to Increase the yield of higher unsaturated fatty acids content in the fatty 
acids which are produced. The pH of the medium Is 4 to 10, and preferably S to 8, and culiuring with aeration and 
agitation, shake culturing or static culturing may be employed. The culturing Is normally earned out for 2 to 20 days, 
preferably 5 to 20 days, and more preferably 6 to 1 5 days. 

[0027] A termenter, especially culturing fermenter with aeration and agitation or air-lift culturing fermenter may be 
used for submerged culturing with aeration to enable production with yields suited for u nsaturated fatty acid-containing 
oils as commercial products, in such cases, the unsaturated fatty acid-containing oil can be even more efficiently 
produced by maintenance during the culturing to a glucose concentration of at least 0.3 wt% and/or an average glucose 
concentration of at least 0.5 wt% ( preferably a glucose concentration ol at feast 0.6 vrt% and/or an average glucose 
concentration of at least 0.7 wt%, and more preferably a glucose concentration of 0 .5-5 wt% and/or an average glucose 
concentration of 0.7-3 wr%, for at least 3 days after the start of culturing. For example, arachidonlcactd can be produced 
at 100 mg or more, and preferably 120 mg or more 

[0028] to one gram of dry ceIIb, Thus, an oil which Is rich In the desired unsaturated fatty acid and low In 24,25-meth- 
ylenecholest-5-en-3p-ol, is accumulated In large quantities in the cells. 

[0029J The desired of! can be obtained according to a conventional method from the culture broth taken during pro- 
duction of the oil by the cell culturing or after Its sterilization, the culture broth obtained at the end d! culturing or after 
Its sterilization, or the cultured cells collected from either, alternatively in dry form. 
[0Q30] The desired oil may be collected from the cultured cells by the following method, tor example. 
[0031 J After culiuring is complete, the cultured cells are obtained from the culture broth by a conventional solid/liquid 
separation means such as centrifugation and/or filtration. The cultured cells are preferably washed, disrupted and 
dried. The drying may be accomplished by freeze drying or air drying. The dry cells are preferably subjected to extraction 
with an organic solvent preferably under a nitrogen stream. The organic solvent used may be ether, hsxano, methanol, 
ethanol. chloroform, dlchloromethane, or petroleum ether, and satisfactory results can also be obtained by alternate 
extraction with methanol and petroleum ether or by extraction using a chloroform-methanol-water monolayer system. 
[0032] By removing the organic solvent from the extract under reduced pressure, it is possible to obtain an unsatu- 
rated fatty acid-contalnlng oil at a high concentration. The extraction may also be accomplished using wet cells, instead 
of by the method descrtoed above. In this case there is used a water-compatible solvent such as methanol or ethanol, 
or a water-compatible mixed solvent Including one of these with water and/or another solvent The olher procedures' 
are the same as descrfoed above. 

[0033] The oil obtained in this manner contains the unsaturated fatty acids In a state of triglycerides and phosphati- 
dylcholine, phosphatidytethanoiamine or phosphatidylinosltol, bul most of ft is in the form of trigtyceridea. In order to 
separate and purify the unsaturated fatty acid-contalnlng triglycerides from the unsaturated tatty acid-contalnlng oil 
collected from the cultured product, a conventional method may be used for haxane extraction followed by deacidrfl- 
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cation, decoloration, deodorizatlon and degumming treatment, or cooling separation. 

[0034] According to the Invention, the compositional ratio of 24,25-methylenecholest-5-en-30-ol Is determined by 
the following method based on sterol composition analysis. 
/ 10035] The sterol composition analysis will be explained first A 30 to 80 mg portion of the oil Is weighed out Into a 
/ test tube with stopper, 4 mL of methanol and 1 mL ot a 33% aqueous potassium hydroxide solution are added, and 
the stopper is fitted. After reaction for one hour while gently stirring at 80"C, the mixture Is allowed to be cooled and 
. the oil-soluble components are extracted with hexane. Trie resulting hexane solution is washed with water until a 
• phenolphthaleln indicator does not color the aqueous layer, and is then concentrated under a reduced pressure to 
- t obtain an analytical sample. The analytical sample is dissolved in a small amount of hexane and subjected to gas 
\ chromatography under the conditions listed in the table given below. By comparing the gas chromaiogram with a 
\commercially available desrnosterol standard, the desrnosterol peaks ere identified. 
[0036] The components which are detected within 0.8 to 2.0 times the retention time of desrnosterol ere the sterol 
components, and the peek areas of the gas chromatograms for atl of the sterol components within the retention time 
are determined by a conventional method. The ratio of the peak area Df each component to the sum of the total peak 
areas of the components is taken as the compositional ratio of each component. For example, the ratio d! the peak 
area detected for desrnosterol with respect to the sum of the total sterol area is the compositional ratio of desrnosterol. 
24,25-methylenecholest-5-en-3p-or is detected in a retention time of 1 .07 to 1 .t2 times the retention time of desrnos- 
terol. The ratio of the peak area detected for 24^5-methylenecholest-5-en-3p-ol with respect to the sum of all the peak 
areas Is the compositional ratio of 24,25-methyienecholest-5-en-3P-o|, Column used: ULBON HFM (Inner diameter: 
0.25 mm, length: 25 m) Column temperature; 280°C inlet and detector temperature: 300»C Carrier gas and gauge 
pressure, heiium: 1 .2 kg/cm* Make-up gas and flow rate, nitrogen: 70 mUmlnute Detector FID Split ratio: 20 
[0037] The unsaturated fatty acid-containing oil of the invention has a 24,25-methylenechoIest-5-en-3p-oi composi- 
tional ratio of 35% or less, preferably 33% or less, and more preferably 30% or less, and/orthe 24,25-methylenecholest- 
5-en-3p-ol proportion Is 1.2 or lower, preferably 0.9 or lower and more preferably 0.6 or lower with mspect to the 
desrnosterol present in the oH. Desrnosterol Is a component included with 24.25H7iethytenecholest-5-en-3£-ol In oils 
obtained by culturing microorganisms belonging to trm genus MortiemUa subgenus MorHereita, and it Is known to be 
present in breast milk. 

[0038] As an example of an unsaturated fatty acid-containing oil according to the invention there may be mentioned 
an arachidonic acid-containing oil with 20 to 54 wt% and preferably 30 to 50 wt% arachidonic acid with respect to the 
total fatty acids in the oil, and a 24,25Hrnethylenecholest-5-en-30-ol compositional ratio of 35% or lower, preferably 
33% or lower and mora preferably 30% or lower and/or a 24,25-methy!enecbolest-5-en-3p , -o! proportion ot 1 .2 or lower, 
preferably 0.9 or lower and more preferably 0.6 or lower with respect to the desmoslerol present in the oil. 
[0039] The oil properties of the arachidonic acid-containing oil are such that the triglyceride content is 90% or greater, 
the moisture content is 0.1 % or lower, the acid value Is 0.5 or lower and the peroxide value Is 5 or lower, while the color 
is 550 yellow and £1 0 by the Lovlbond method in a 133.4 mm cell, and the fatty acid composition is 20 to 54% with 
preferably 30 to 50% arachWonfc acid, 0.2 to 0.7% myrlstfc acid. 1 0 to 1 6% palmitic acid, 4 to 1 0% stearic acid, 5 to 
15% oleic acid, 5 to 15% iinolio acid, 1 to 5% 7-llnolenlc acid, 0.1 to 2% c-iinolenic acid, 1 to 6% drhomo-rlinolenic 
acid, 0 to 1% eicosapentoenoic acid and 2 to 7% lignoceric acid. 

[0040] The oil Is rich In the triglyceride form of arachidonic acid, and either contains no eicosapentoenoic acid or 
contains It only In a vary trace amount, end is therefore desirable as e material for foods, and especially Immature- 
Infant formula, infant formula, baby food and pregnancy food. The unsaturated fatty acid-containing oil of the Invention 
can also be safety used in foods and animal feeds because of Its low content of 24^5-methyienechDlest-5-en-3p-ol, 
the edibility of which has not yet been established. 



45 Examples 

[0041] The present invention will now be explained In more detail by way of examples. 
Example 1 

50 

[0042] Using Mortiersfla elongate I FO8570 as the arachidonic acid-producing cell line, 1 400 L of a medium containing 
2% glucose, 1% edible soybean protein (trade name: Esusan Meat, product ot Ajinomoto Co.) and 0.1% rapeseed oil 
was placed In a 2000 L fermenter equipped with an agitator and aerator and culmrlng with aeration and agitation was 
initialed under conditions of 28"C temperature, 1 .0 wm aeration, 80 rpm egftalion and 1 .0 kg/cmSG headspace pres- 
55 sure. The glucose concentration was kept at 1 .5% by feeding glucose, and after culturing for 7 days the cells were 
recovered by filtration and subjected to oil extraction. As a comparative example, culturing and oil extraction were 
carried out In the same manner using 1% yeast extract instead of the edible soybean protein. 
r0043) Upon analyzing the sterol composition of the resulting oil according to the procedure described above, des- 
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mosterol was detected at a retention time of about 9.6 minutes and 24,25-methytenechDleBt-6-en-3p-ol was detected 
at a retention time of about 10.5 minutes. In the comparative example, desmosterol was detected at a retention lime 
of about 6.5 minutes and 24,25-me%tenecholest-5-en-30-ol was detected at a retention time of about 72 minutes 
The results are shown in Table 1 . Thus, an arachidonic add-contalning oil was obtained with a low compositional ratio 
of 24,25-methylenecholeEt-6-en-3p-ol. 



Table 1 





24,25-malhylene 
cho!est-5-en-3p-ol 
compositional 
ratio (A) 


Desmosterol 
compositional ratio 
(B) 


A/B 


Totai sterol content' 


Arachidonic acid 
content** 


Example 


. 30% 




0.46 


1% 


8% 


Comp. Example 


65% 


27% 


2.41 


1% 


9% 



* Sterol content In cl 



" Arachldonlc acid eorJant with respect to total tatty acids In oH 

Example 2 

[0044J Mortlerella alplna CBS754.68 wee used as the arachidonic acid-producing cell line, and BOO L of a medium 
containing 4% glucose, 1.3% roasted soybean flour (kinako), 05% yeael extract and 0.1% olive oil was placed in a 
1000 L fermenter equipped with an agitator and aerator, for cutturing with aeration and agitation for 5 days under 
conditions of 24*C temperature. 1 .0 wm aeration, 100 rpm agitation and 0.5 kg/cr^G headspace pressure, followed 
by filtration and drying to recover the cells and hexane extraction to obtain en oR As a comparative example, culturing 
was carried out In the same manner using a medium of 4% glucose, 1 .6% yeast extract and 0.1% olive oil' to obtain 
an oil. In both the example and the comparative example, 1% glucose was added on the 2nd day of culturing. 
(0045] Upon analyzing the sterol composition of the resulting oil according to the procedure described above, des- 
mosterol was detected at a retention time of about 1 0.2 minutes and 24 ( 25-memylenecholest-5-en-3p'-ol was delected 
at a retention time of about 11.2 minutes. In the comparative example, desmosterol was detected at a retention time 
of about 6.4 minutes and 24,25-methylenecholest-5-eri-3p , -oi was detected at a retention time of about 7.1 minutes. 
The results are shown in Table 2. Thus, an arachidonic acid-containing oil was obtained with a low compositional ratio 
of 24,25-methylenecholest-5-en-3p-ol. 



Table 2 





24,25-methylene 
cholest-S-en-ap-oI 
compositional 
ratio (A) 


Desmosterol 
compositional ratk> 
(B) 


A/B 


Total sterol content* 


Arachidonic acid 
content— 


Example 


25% 


53% 


0.47 


1.2% 


48% 


Comp. Example 


68% 


16% 


4.25 


1.1% 


48% 



* Sterol content in oil 
** Arachidonic add content wfih reepod to total tatty adds In oil 



Example 3 

[0046] Mortreretla alplna ATCC32221 and Aforfienate alpha ATCC42430 were used as arachidonic acid-producing 
cell lines, and each was cultured. After placing 25 L of a medium containing 4% glucose, 1 :2% defatted soy powder, 
0.2% potassium hydrogen phosphate and 0.1 % soybean oil in a 50 L fermenter equipped with an agitator and aerator 
culturing with aeration and agitation was carried out for 5 days under conditions of 28«C temperature, 1 .0 wm aeration! 
300 rpm agitation and 1.0 kgycm 2 G headspace pressure, followed by filtration and drying to recover the celts and 
hexane extraction to obtain an oil from the recovered cells. 

[0047] As a comparative example, cutturing was carded out In the same manner using a medium of 4% glucose, 
1 .2% beer yeast powder, 0.2% potassium hydrogen phosphate and 0.1% rapeseed oil to obtain an oil. In both the 
example and the comparative example, 1% glucose was added on the 2nd day of cutturing. Tne sterol composition of 
Ihe resulting oil was analyzed according to the procedure described above. The results are shown in Table 3. Thus 
an arachidonic acioXontalnlng oil was obtained with a low compositional ratio of 24.25-methyienecho!e5t-5.en-3M 
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Table 3 







24,25-methytene 
cholest-5-en-3|i- 
ol compositional 
ratio (A) 


Desmo$terol 
compositional ratio 
(B) 


A/B 


Total sterol content* 


Arachidonic acid 
content" 




MortiereUa alpha 
ATCC32221 


5% 


67% 


0.07 


0.9% 


25% 


to 


Comp. Example 


37% 


28% 


1.32 


0.8% 


20% 




Mortleretla alpha 
ATCC42430 


5% 


35% 


0.14 


0.9% 


18% 




Comp. Example 


40% 


25% 


1.60 


1.0% 


18% 



* Stsiol ooitant In Dfl 

" Arechldonlc add contort wtth rasped to total fatty acids In ofl 



Example 4 

[0048] Using Mortieretta alpha CBS754.68 as the arachidonic acid-producing celt line, 1400 L of a medium containing 
2% glucose, 1 .5% soybean protein and 0.1% soybean oil was placed In a 2000 L lermenter equipped with an agitation 
and aeration, and culturing with aeration and agitation was Initiated under conditions of 24*C temperature, 1 wm 
aeration, 80 rpm agitation and 200 kPa heactepace pressure. The glucose concentration was kept at 0.5 to 1.5% by 
feeding glucose, and after culturing for 7 days the cells were recovered by fiftration. After drying the celts, they were 
extracted with hexane, the extracted oil was subjected to deacidificatJon, decoloration and deodoration, and 0.05% 
tocopherol was added as an antioxidant. The resulting oil was analyzed and found to have the following composition. 

Analysis results 
[0049J 

Triglyceride content: 95.6% 
Moisture: 0.04% 
Acid value: 0.08 
P eroxide val Lie: 2 . 1 6 

Color (Lovtbond method, 133.4 mm cell): yeltow: 20.1, red: 1.4 
Fatty add composition: 



arachidonic acid 


44.4% 


myristic acid 


0.6% 


palmitic acid 


14.6% 


stearic acid 


8.8% 


oleic arid 


6.3% 


finollc acid 


10.2% 


y-linolenic acid 


3.2% 


oc-linolenic acid 


0.8% 


dlhomo^ltnotenlc acid 


5.2% 


eicosapentoenole acid 


0.2% 


lignoceric acid 


4.8% 



Total sterol content : 1 .0% 

24,25-methylenecholest-5-en-S^-ol compositional ratio: 24% 
Desmosterol compositional ratio: 67% 
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Example S 



[0050] The arachldonlc acid-containlng oil obtained in Example 4 was appropriately mixed with fish oil and vegetable 
oil to obtain an essential fatty acid-adjusted oil In addition to Ihe essential fatty acid-adjusted oil, the raw materials 
and components listed below were prepared for formulation of ioo kg of powdered Infant formula. After dissolving, 
mixing and refining the raw materials according to conventional methods, they were sterilized, concentrated and ho^ 
mogenfeed. and then spray dried to obtain powdered infant formula. 



Raw materials and components 



casein 

whey protein concentrate 

essential fatty acid-adjusted oil (composed mainly of Bnoiic acid, ct-linotenic acid) 

arachidonic acid content 

docosahexaenotc acid content 

elcosapenteenotc acid content 

saccharides (lactose and oligosaccharides) 

minerals and vitamins 

TOTAL 



5.6 kg 
24.0 kg 
25.0 kg 
80 g 
25 g 
10g 
43.4 kg 
2 kg 
100 kg 



Claims 



1 . A process of production of unsaturated fatty acid-containing oil in which the composition ratio of 24,25-methylene- 
cholest-5-en-3p-ol is not more than 35%, comprising culturing a microorganism belonging to the genus Mortierefla 
subgenus Mortierefla in a medium containing a nitrogen eource derived from defatted soybean or physically or 
chemically processed defatted soybean, In a fermentor with aeration, and collecting said unsaturated fatty acld- 
conrtairting ofl from the cultured product. 

2. A process according to claim 1 In which said nitrogen source derived from defatted soybean provides a nitrogen 
content of at least 2 wt% with respect lo the total components excluding water. 

3. A process according to claim 2 In which said nitrogen source provides a said nitrogen content of at least 5 wr%. 

4. A process according to claim 1 , 2 or $ in which the defatted soybean of the nitrogen eource has been processed 
by heat treatment; acid treatment; alkali treatment; enzyme treatment; chemical modification; denaturation and/or 
renaturation by chemical and/or physical processing Including a said treatment; removal ol a portion of the com- 
ponents with water and/or organic solvents; removal of a portion of the components by filtration and/or centrifu- 
gation; freezing; crushing; drying; and/or sifting. 

5. A process according lo claim 1 , 2 or 3 In which said nilrogen eource derived from defatted soybean is from defatted 
soybean which has been subjected al least to heat den atu ration. 

6. A process according to any one of the preceding claims In which said cultured product is a culture broth taken 
during production of the oil by the cell culturing or after its sterilisation, a culture broth obtained al the end ol 
culturing or after sterilisation thereof, or cultured cells collected from either of these, optionally In dry form. 

7. A process according to any one of the preceding claims In which said fermentor is equipped with an agitator and 
air sparger or Is an atr-llft fermentor 

B. A process according to any one of the preceding claims in which the culturing is carried out while maintaining a 
glucose concentration of at least 0.3 wt% and/or an average glucose, concentration of at least 0.5 wt%. for at least 
3 days after the start of culturing. 

9. A process according to any one of the preceding, claims in which the culturing Is carried out for a period of from 
2 to 20 days. 
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10. A process according to any one cf the preceding claims In which unsaturated fatty acid in said oil is rlinotenic 
acid, dihomo-y-linolanic acid, arechldonlc acid, eicosapantaenolc acid anoVor mead acid. 

1 1 . A process according lo claim 10 in which the ofl contains from 20 to 54% arechldonlc acid and its compositional 
ratio of 24,25-metriytenecholest-5-en-3flrol is not more than 35%. 

12. A process lor making a nutritive dietary supplement an immature infant formula, an infant formula, baby food, 
pregnancy food product or animal feed, characterised by incorporating an arachidonlc acid containing oil pro- 
duced in accordance with claim 11 into said supplement, formula, food or feed. 

13. An unsaturated fatty acid-containing oil having a 24,26-methylenecholest-5-en-3p-Dl composition ratio of not more 
than 35% and obtainable by a process according to any one of the preceding claims, containing Irom 20 to 54% 
arachidonlc acid. 

14. An arachidonlc acid-contBlning oil characterised by a 24,25-methy tan echo lest-5-en-3p-ol composition ratio of 
35% or lower and an arachidonlc acid content of from 20 to 54%, and obtainable by culturing a microorganism 
belonging to the genus Mortferella subgenus Mortteretia in a fermentor with aeration. 

15. An arachidonic acid-containing oil according to claim 14 in which said culture used a soybean-derived nitroaen 
n source. / u 

16. An arachidonic acid-containing oi! according to claim 13, 14 or 15, further characterised In that the 24,25-roetl> 
yIenecholest-5-en-3p-o] compositional ratio Is In a proportion of not more than 1 2 with respect to the desmostero! 
compositional ratio. 

17. An arachidonic acid-containing oil according to any one of claims 13 to 16 which is a microbial oli obtained from 
a said microorganism of the genus MoftiereUa subgenus Mortferetta. 
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18. A nutritive dietary supplement comprising an arachidonlc acid-containing ofl according to any one of claims 13 to 17. 

19. An immature infant formula, infant.formula, baby food or pregnancy food product comprising an arachidonic acW- 
contalnlng oil according to any one of claims 13 to 17. 

20. An animal leed comprising an arachidonic acid-containing oil according to any one of claims 13 to 17. 
PatentansprQche 

1 . Verfahran zur Erzeugung eines ungesattigte Fettsaurenhaltigen Ols, worm das ZusammensBtzungsvernattnis vu, 
t° 24 t 25-Methytenchc{est-5-en.3p-ol nlcht mehr als 35 % betrfigt, umfassend die Kuttlvterung elnes Mikroorganis- 

mus, dor zur Gattung Mortlerella. Untergattung Mortieretia gehfirt, in einem Medium enthaftend elne Stfckstoff- 
quelle, abgoleitet von entfetteler Sojabohne oderphyeikafiseh oder chemisch verarbeiteter entfetteter Sojabohne 
in einem Fermenter mit Beiuftung und Sammeln des ungesattigten Fettsaurenhaltigen £>la aus dem kuftivierten 
Produkt. 



45 



von 



2. Verier) re n gemaB Anspruch 1 , worln die Stickstoffquelle, abgeleltet von entfetteter Sojabohne, einen StickstoHge- 
halt von mlndestens 2 Qew.% !m Hinblick auf die Gesamtbeslandlelle auOer Wasser bereltstellt. 

3. Verfahren gemflfc Anspruch 2, worln die Stfckstoflquolte einen Stlckstoftgehalt von mlndestens 5 Gew% berelt- 
*> stellt. 

4. Verfahren gemaB Anspruch 1 , 2 oder 3, worin die entfettete Sojabohne der StickstoffqueHa durch Warmebehand- 
lung; Sfturebehandlung; Alkalibehandlung; enzymatische Behandlung; chemlsche Modlfikation; Denaturierung 
und/oder Renaturierung durch chemlsche und/oder physikalische Verarbeitung einschlieBIich einer solchen Be- 

« handlung verarbeitBt wurde; Entlemung eines Tells der Bestandtelle mit Wasser und'oder organischen LosungB- 

mtoeln; Entfemung eines Teils dar Bestandtelle durch Filtration und/oder Zentrifugation; Einfrieren; zerkleinern; 
Trocknen uno7oder Steben, 
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5. Verf ahren gemaB Anspruch 1 , 2 odar 3, worin die StjckstoHquelle, abgeleitet von entfetteler Sojabohne, aus ent- 
fetteter Sojabohne stammt, die mindestens elner Warmedenaturlerung unlarzogen wurrfe. 

6. Verfahren gemaB elnem der vorstehenden Anspruche, worin das kultMerte Produkt elne Kufturbruhe lsi ( die wah- 
rend der Erzeugung das 6ls durch die ZellkultMerung genommen wurde oder nach der Steril tele rung, eine Ku!- 
turbruhe, erhallen nach AbschluB der Kultivierung oder nach deren Steriiisierung Oder kultrvierte Zelien, gesammett 
von einer der obigen, optional In gelrockneter Form. 

7. Verf ahren gemaB einem der voratehenden Anspruche, worin der Fermentermit einer Fluhrvorrichlung eusgerttstet 
ist sowie mlt elner Luft-Spruhvorrichtung oder eln Airlift-Ferment er 1st. 

8. Verfahren gemaB einem der voretehenden AnsprGche, worin die Kultivierung durchgefDhrl wird, wfihrend eine 
Glucosekonzentration von mindeelens 0,3 Gew.% und/odar eine durchschnrttliche Glucosekonzentration von min- 
destens 0,5 Gew.% (fir mindestens 3 Tage nach Beginn der Kultivierung aufrechlerhatten wtrd. 

9. Verfahren gemaB einem der voretehenden Anspruche, worin die Kultivierung fur eine Zeilspanne von 2 bis 20 
Tagen durchgefDhrt wlrd. 

10. Verfahren g&rnfiB einem der voretehenden Anspruche, worin die ungesattlgte Fettsaure In dem Ql y- UnolensSure, 
Dlhorho^llnolensaure, Arachfdonsaure, Eikosanpentaansfiure und/oder Metsaure (mead acid) ist, 

11 . Verfahren gemaB Anspruch 10, worin das 6l 20 bis 54 % Arachidonsaure enthari und das Zusammensetzungs- 
verhfillnls von 24,25- Methylencholest-5-ert-3]J*oi nfcht mehr als 35 % betragt. 

12. Verfahren zur Herstellung eines dlfitetischen Nahrungserganzungsmlttels, einer Fomnel zur Ernahrung von unrel- 
ren Kleinkindern, einer Klein Wnd-Formel, Babynahrung, Nahrungsmrttel fur die Schwa ngerschaft oder Tierfutter, 
gekennzelch net durch Inkorporalion ernes Arachidonsaure-haltlgen 6ls erzeugt gemaB Anspruch 11 in das Er- 
ganzungsmlttel, die Formel, das Nahrungsminel oder das Futtermittel. 

13. Ungesattlgte Fetteauren-hafflges 6l mlt einem 24^5-Methytencholest-6-en-3p-oJ Zusamrnenseizungsverhattnie 
von nicht mehr als 35 % und erhaltlich durch ein Verfahren gemafl elnem der voretehenden Anspruche, errthaltend 
20 bis 54 % Arachidonsaure. 

14. Arachldonsaure-haltiges Cl, gekennielchnet durch ein 24,25.Methytencholest-5-en-3p-ol Zusammensetzungs- 
verhaltnis von 35 % oder wertfger und einen ArachJttonsaure-Gehalt von 20 bis 54 %, und erhaltlich durch Kulti- 
vierung eines Mikroorganismus, der zur Gattung Mortlerella. Untergattung Mortierella gehort in einem Fermenter 
mit Beluftung. 

15. Arachidonsaure-haltiges 6l gemaB Anspruch 14, worin die Kuftureine von Sojabohnen abgeleitete StickstofTquelle 
verwendet. 

16. Arachidonsaure-hBrtigeB6l gemaB Anspruch 13, 14 Oder 15, welter dedurch gakennxelchnvt, daS dae24,25-Me- 
thylenchoIest-5-en-3£-ot Zusammensetzungsvertiaftnls In einem Verhaftnis von nfcht mehr als 1 ,2 1m HlnblJck aur 
das Desmosteral Zusarrtmensetzungsverhaltnls steht. 

17. Arachidonsaure-haJHges Ol gemaB einem der Anspruche 13 bis 1 8, wobei es sich um eln mlkrobielles 6l handett. 
erhahen von dem Mlkroorganismus der Gattung Mortlerella, Unterganung Mortieretla. 

18. Diatetlsches Nahrungserganzungsmlttel, umlaBsend eln Arachldonsaure-haltiges 6l gemaB einem der AnsprOche 
13 bis 17. 

18. Formel fur unrelfe Kleinklnder, Kleinkinder-Formel, Babynahrung oder Nahiungs produkt fur die Schwa ngerschaft, 
umfassend ein Arachidonsaure-haltiges 6l gemaB elnem der AnspnQche 13 bis 17. 

20. Tierfutter, umlassend ein Arachldonsfiu re-hall Ices Ol gemaB einem der Anspruche 13 bis 17. 
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Revendications 

1 . Procede de production cfhuile contenant des acides gras insatures dans lequel le poucerrtage en 24,25-methyle- 
nechole6t-5-en-3p-ol n'est pas superleur a 35%, comprenant la mlse en culture d'un microorganism e appartenant 
au genre Mortler&la sous-genre Morlter&fta dans un milieu contenant une source cfazote derive de graine de soja 
degraissee ou de graine de soja d6grates6e par un traltement physique ou chlmique, dans un fermenteur muni 
d'aeration, el la collecle de ladile huile corrtenant des acides gras insatures a partir du produit cuttive. 

2. Procede selon la revendication 1 dans lequel (adlte source cfazote derive do graine de soja degraissee foumit une 
teneuren azote d'au moins 2% en polds par rapport a la totallte des composants a ('exception de reau. 

3. Procede selon la revendication 2 dans lequel ladite source d'aZDte fournrt une dite leneur en azote cfau moln9 5% 
en polds. 

4. Procedfi selon la revendication 1 r 2 or 3 dans lequel la graine de soja degraissee de la source cTazots b ete traite 
par un traltement thermique ; par un traltement par un acide; par un traltement par un alcali; par un traitement par 
un enzyme ; par une modification chlmique ; par une denaturation et/ou une renaturation par un traitement chiml- 
que et/ou physique y compris (edit traitement ; par le retrait tfune partie des composants avec de feau et/ou des 
solvents organlques; par le retralt d'une parte des composants par filtration et/ou centriTugallon; par congelation ; 
par concassage ; par sechago ; et/ou par criblage. 

5. Procede selon la revendjcation 1 1 2 ou 3 dans lequel ladite source d"a2ote derive de graine de soja degraissee 
est dertvee de graine de soja degraissee qui a ete soumise au moins a une denaturation par la chaleur. 

6. Procede selon 1'une quelconque des revendications precedentes dans lequel ledit produit cuttive est un bouillon 
de culture prts pendant la production da Phulle par la mise en culture des cellules ou apres sa sterilisation, un 
bouillon de culture obtenu a la fin de la culture ou apres la sterilisation de celuf-cl, ou des cellules cultivees re- 
cueillies de t'un ou I'autre de caux-ci, facultatrvement sous une forme seche. 

7. Procede selon Pune quelconque des revendications precedentes dans lequel ledit fermenteur est muni d'un agi- 
tate ur et cfun pulverisaleur d* air ou est un fermenteur a agitation par circulation d'air. 

8. Procede selon I'une quelconque des revendications precedentes dans lequel la culture est mice en oeuvre tout 
en malntenant une concentration en glucose ifau moins 0,3% en polds et/ou une concentration moyenne en 
glucose cfau moins 0,5% en polds pendant au moins 3 jours apres le debut de la culture. 

9. Procede selon Tune quelconque des revendications precedentes dans tequel la culture est mise en oeuvre pendant 
une duree de 2 a 20 jours. 

10. Procede selon Pun e quelconque des revendications precedentes dans lequel I'acide gras insature darts ladite huile 
est I'acide 7-IInolenlque, I'acide dihorno^Hinolenlque, racide arachldonique. I'acide eieosapentaenoTque et/ou Taci- 
de cThydromet. 

11 . Procede selon la revendication 10 dans lequel fhulle contient de 20 a 54% d'acide enachidonique et le pourcentage 
de composition en 24^S-methylenecholest-5-en-3p-ol n'est pas sup6rleur a 35%. 

12. Procede pour la fabrication d'un supplement dletetique, d'une formulation pour les nourrtssons immatures, d'une 
formulation pour les nourrissons, d'un aliment pour b6bes, cfun produit allmentaire pour les femmes enceintes ou 
d'un ailment pour les anlmaux, caract6ri&6 per Plncorporation cfun acide arachldonique conrenani de Phuile pro- 
duce selon le revendication 11 dans ladite ou ledit supplement, formulation, aliment ou produit elimentaire. 

13. Huile contenant des acides gras insatures ayant une proportion de 24 l 26-melhylenecholest-5-en-3^o! non supe- 
rfsure a 35% et pouvant etre obtenue par un proced6 selon Tune quelconque des revendications precedentes, 
contenant de 20 a 54% d'acide arachldonique. 

1 4. Huile contenant de I'acide arachidonique caracterlsee par une proportion do 24£5-methylenecrioleet-5-en-3p-ol 
de 35% ou interieure a 35% et une teneur en acide arachldonique allant de 20 a 54%, et pouvant §tre obtenue 
par la mise en culture d'un micro org an Isme appartenant au genre Afo/tfereffa sous-genre Mortierefia dans un 
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teur muni cfaeration. 

©^tenant de Tacide arachidonique solon la revendication 14 dans laquelle ladile culture a employe une 
ifazote derive de graine de soja. 

o nten am de racide arachidonique eelon la revendication 13, 14 ou 15, caracterlse* en outre en ce que 
rentage de 24,25-methylenecholest-5-en-3p-ol par rapport au pourcentage de desmosterof est en une 
jon non superieure a 1 .2. 

ontenanl de I'aclde arachidonique selon rune quelconque des revendlcations 13 a 16 qui est une huiJe 
ienne obtenue a partir cfun dlt mlcroorganlsme rfu genre Mortierella sous-genre Mortierefla. 

ment dietetique nutrftionnel comprenant una huile contenant de Tac)de arachidonique selon Tune queicon- 
s revindications 13 a 17. 

ation pour les nourriesons immatures, formulation pour les nourriasons, ailment pour b§bes ou produit alh 
re pour les femmes enceintes comprenant une huile contenant de racide arachidonique selon Tune quel- 
i des revindications 13 a 17. 

flftr animaux comprenant une hulle contenant de Cackle arachidonique eelon I'une quelconque des re- 
gions 13 a 17. 
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